The viscerotropic form of Newcastle disease is defined and the history of the present panzootic of this disease is reviewed. Evidence is presented to support the concept that the viscerotropic form is genetically different from established enzootic forms of Newcastle disease. Ways of differentiating the pathologic forms are described. Transmission of the virus is discussed so as to identify problems of controlling its spread and preventing further introductions.
INTRODUCTION
Between 1926 and 1946, the first twenty years after it was recognized, Newcastle disease invaded all poultry-producing areas of the world and became established as a major disease of chickens. In that period, it became evident that Newcastle disease had more than one pathologic form (9) . Today, as the United States fights to prevent a new panzootic of the viscerotropic form of Newcastle disease, it is important that we reexamine the pathologic forms of Newcastle disease, their economic significance, and evidence for their genetic diversity.
The original peracute form of Newcastle disease was described independently by Doyle (6) and Kraneveld (14) , and the gross and microscopic pathology was studied by Jungherr et al. (18) . The incubation period of the peracute type is a short 2 to 4 days and the onset is sudden. Diarrhea is often marked and there may be copious tracheal discharge. The head and wattles may swell with edema and the bird becomes prostrate. Paralysis may be evident but tremors and torticollis are rare unless the disease is prolonged. Death is usually prompt, occurring 1 to 3 days after signs appear.
Gross pathological examination of the dead chicken reveals numerous hemorrhages in the digestive tract, particularly in the lining of the proventriculus, and sometimes in the gizzard and small intestines. The trachea may be hemorrhagic, and edema is often present in tissues surrounding the trachea and extending up into the head.
The form of Newcastle disease that appeared in the Western Hemisphere in the early 1940's was pathologically different from the disease that had become established in the Eastern Hemisphere, and was at first called "pneumoencephalitis" by Beach (1), who described it. The severest form of "pneumoencephalitis" was characterized by tremors and torticollis and acute respiratory distress. The milder forms were primarily and sometimes exclusively respiratory diseases. The latter form, described by Hitchner and Johnson (12), produced inapparent infections in older chickens and very mild infections of young chicks. The virus was shown experimentally to be unable to multiply in the brain of a day-old chick (10). The other mild form described by Beaudette and Black (2) produced an infection that was often inapparent in adult birds but could be severe in day-old chicks. It had the ability to invade the nervous system. None of these Western Hemisphere strains produced hemorrhagic gut lesions. In recent years the mild forms of Newcastle disease have been found in many parts of the Eastern Hemisphere (18) .
The Newcastle disease panzootic that appeared in the mideast in 1966-1968 (3), in South America (8) and Europe in 1970 (5), and in the United States and Canada in 1970-1971 is produced by strains that are similar or identical to the one that produced the disease described by Doyle (6) in 1926, a form that had become uncommon. Strains isolated from the new panzootic are characterized by their ability to produce lesions in the gut. They also have produced disease in species of birds that were rarely if ever found to be infected in the past. The virus has caused concern because it has repeatedly by-passed quarantine barriers and has produced disease in vaccinated chickens that were capable of resisting viruses previously prevalent. Tampa Several laboratory considerations facilitate the differentiation. The viscerotropic virus kills embryos very quickly, in 36 to 48 hours, and if several dilutions are inoculated, isolates can be readily differentiated from mild forms which take 96 to 120 hours to kill. Inoculation of chickens over 3 weeks of age by swabbing the virus into the vent produces a peracute disease that uniformly exhibits hemorrhagic lesions in the digestive tract (Table 2 ). These lesions are not observed in chickens inoculated in this fashion with virulent neurotropic strains. While lesions of the digestive tract are usually produced when birds are inoculated by other routes they are not produced with such a high frequency. Lesions are rarely produced in the digestive tract of any species of bird other than the chicken. All of the isolates of the viscerotropic pathotype are similar in that they kill embryos quickly, produce viscerotropic lesions in chickens, and contain both red and clear plaques. They do differ in some properties: rate of elution from erythrocytes (Table 3) , thermostability (Table 4) , and pathogenicity for adult chickens (Table   5 ).
It is important to establish that the strains of the viscerotropic pathotype of Newcastle disease and the strains of the other pathotypes are genetically distinct. There is no evidence that neurotropic and mild forms of the virus can spontaneously evolve into the viscerotropic form (Table 6 ). That has not happened in nature during the 30 years that the neurotropic and mild forms have been established in the United States. Nor has a mutation of this type been induced in the laboratory by any kind of cultural manipulation.
Heterogeneous viscerotropic strains have been cloned on chicken embryo fibroblast monolayers (Table 7) . Large plaqueformers of either clear or red type are readily isolated and are virulent for chickens (17) . Small and tiny plaque clones of either type may sometimes be isolated from these cultures and have a low virulence for chickens. The red-plaque clones appear to have a much higher mutation rate than do the clear-plaque clones (7). This is evident in the difficulty experienced in maintaining a pure red clone by passage in a permissive and nonselective host, the chicken embryo. The stability of clear-plaque clones is evident in that they can be maintained through many chicken embryo passages without the appearance of mutant red plaques. The time of harvest, the host system used, the materials harvested, and the conditions under which the culture is stored are selective to differing degrees. It is quite possible for the virologist who starts with a heterogeneous culture to lose plaque types from his culture by the methods he employs in handling it (7). Loss of diversity can lead to alteration in properties of the culture in significant ways. Minor antigenic differences (Table 8 ) and biophysical differences as well as major pathologic differences (Table 9) 90% losses in unvaccinated chickens but is poor when compared with survival of 95% of the chickens exposed to virulent neurotropic field viruses. Laboratory studies of the immunological factors involved in adequately protecting chickens against viscerotropic viruses are incomplete (16). There is a suggestion that classes of antibody produced by chickens differ in specificity. Six days after vaccination with B1, chickens exposed to a neurotropic challenge experienced an 84 % mortality and those exposed to an equivalent viscerotropic challenge suffered a 100% mortality (Table 10) . At 24 days the chickens resisted both challenges equally well. At 96 days the mortality was respectively 9% and 59%. This is consistent with the field experience in California where it was found to be necessary to vaccinate every 60 days and to use strains that were more immunogenic than B1.
Field experience has shown that the viscerotropic virus has an effective method of achieving transport over long distances, traversing ocean and desert barriers with ease, and that it is communicable within flocks, usually infecting all birds (5). Recent information suggests that the virus can persist in some localities over considerable periods without continually expressing its chicken lethality.
The infected bird, either in incubative disease or as a convalescent carrier, is probably the primary means of long-distance transport (15). Since quarantine against movement of poultry is in effect in most countries, attention has turned to the international movement of other birds. The repeated isolation of viscerotropic virus in the United States and in Europe from parrots and myna birds originating abroad has clearly implicated those species. Since some of those birds sickened and died shortly after arrival they were presumably in the incubative stages of some disease. It must be understood that there are many species and several genera of parrots and several species of myna birds and that these birds very probably differ in susceptibility to infection and response to disease. Spread of Newcastle disease from exotic imports has depended upon their receipt by aviaries with a population of many different kinds of birds, located near poultry-rearing establishments and having an inadequate system for preventing the escape of sick birds.
A second important source of virus through international movement has been the illicit transport of fighting cocks. While introduction of virus from outside the country has not been established, the virus was transported on two occasions across the American continent by air shipment of fighting cocks. In both instances the birds were in the incubative stage of infection.
A third possible mechanism of international transport is the movement of migratory birds (Dawson, 1971 ). The only wild birds from which virus has been isolated on the American continent are nonmigratory crows and sparrows. Antibodies to Newcastle disease virus of an unknown pathotype have been detected repeatedly in migratory geese and ducks. With one exception, attempts failed to isolate virus from those birds. At present no evidence links migration of wild birds and movement of the virus from one country to another.
The mechanisms by which the virus spreads within a locality are incompletely known. Aerosol transmission is clearly important within a poultry house. Winds may carry the virus, particularly on feathers and fecal particulates, from farm to farm, as suggested by field reports. There is some circumstantial evidence that virus has been spread by shoes and clothing and, perhaps, skin or hair of individuals going from one farm to another. The relative importance of the several transport methods should be determined.
The viscerotropic pathotype of Newcastle disease had been introduced on rare occasions in the past but never established a beachhead in domestic chickens in the United States until 1971 (Hanson, 1971 ). The eradication program has been successful in Texas and Florida and is continuing in California. If it should fail, vaccination programs will become more expensive and losses from disease will be much higher than producers can currently afford.
